Cell proliferation rate and apoptosis were examined in archival kidneys from young, middle-aged, and old male F344 rats. Immunohistochemical expression of proliferating cell nuclear antigen (PCNA) and apoptosis were quantified in the same cell populations of the proximal tubule epithelium. A total of 79 kidneys from 40 rats were examined. There was a progressive increase in cell proliferation rates in rats from 4 and 6-10 months of age. In 23-month-old rats, proliferative activity appeared to be reduced. No agerelated variations in apoptotic indices were found. One of the 16 rats aged 23 months had a tubular cell adenoma. In the tumoraffected kidney, cell proliferation rate was dramatically higher than in the contralateral kidney as well as in all the other kidneys examined. This high proliferative activity was not balanced by variation in cell death.
INTRODUCTION
Recently, cell proliferation rate was evaluated in archival kidneys from male F344 rats (1) used in a previous study of hepatocarcinogenesis (24) . Proliferating cell nuclear antigen (PCNA) was used as a marker of replicating cells and was detected by an immunohistochemical procedure (6, 7, 13, 14) . In the study of carcinogenesis (24) , there were 2 control groups. One (DO) was untreated, whereas the rats in the other control group (D 1 ) had been given distilled water by gavage 6 days a week. Two findings of interest resulting from the quantification of PCNA-expressing nuclei in the kidneys from these control groups (1) were (a) the progressive increase in cell proliferation rates in the proximal tubule epithelium in rats from 4-10 months of age and (b) the finding of a renal tubular cell tumor associated with a high cell proliferation rate in 1 23-month-old untreated rat. The aim of the present study was to see whether the increase in cell proliferation rates was balanced by an increase in cell death. Quantification of apoptosis was based on morphological criteria (3) , and kidney slides were reexamined to assess apoptosis and cell proliferation rate in the same cell populations of proximal tubule epithelium. The occurrence of clusters of PCNA-expressing nuclei was also quantified. ,
MATERIALS AND METHODS
Forty male F344 rats from the 2 control groups of animals used in a previous study of hepatocarcinogenesis (24) mining, on the basis of the intensity of nuclear staining (7) , the labeling index (LI), defined as the percentage of cells in S phase (intense brown nuclear staining), and the proliferating index (PI), defined as the percentage of cells in S phase + Gl phase (light-brown nuclear staining) + G2 phase (light-brown nuclear and cytoplasmic staining) (Figure lA, B) . Mitotic (MI) and apoptotic (Apol) indices were assessed on the same cell populations scored for PCNA. MI was considered separately from the PCNA indices in analyzing the differences between the groups since it is not influenced by the prolonged formalin fixation, which may instead reduce the PCNA expression (15) . For Apol, cells or cell fragments containing condensed chromatin were counted ( Figure 1C, D) . Only normal-appearing proximal tubules were considered. Tubules with clusters of PCNA-expressing nuclei were excluded from the evaluations of the various indices. These clusters may in fact represent a compensatory proliferative response to nephrosis occurring in adjacent tubular segments located outside the section level (22) . The Figure 2 . Data pertaining to DO and D groups are shown separately since cell proliferation rates were higher in group DO than in group D 1 with statistically significant differences at 10 months of age. Re-evaluation of the kidney sections confirmed the previously reported observation. In both groups, there was a progressive increase in cell proliferation rates in rats from 4 and 6-10 months of age ( Figure 2) . The mean values of LI, PI, and MI appeared to be reduced in the kidneys of 23-month-old rats as compared to those found in 10-month-old rats. Also, the highest values of LI and PI indices were observed in the 23-month-old rat bearing a unilateral cortical papillary cystadenoma (Figures 3 and 4) . When excluding from calculation the tumor-affected kidney, cell proliferation rates appear to be significantly higher in the kidneys of DO rats aged 10 (12, 18) , was found in all the animals sacrificed at the age of 23 months and more rarely in younger rats ( Table 1) . As expected on the basis of the data reported by Short (22) and Hard (16) , PCNA clusters were sometimes found in the altered proximal tubules and in normal-appearing proximal tubules of the surrounding parenchyma. However (Figures 2 and 3), as reported by other authors (3, 9) . Thus, (4, 8, 23) .
As previously reported (1) , interindividual variation in cell proliferation rate was observed in all the age-groups, in keeping with the observations of Eldridge and Goldsworthy (5) in male rats from 7 up to 20 weeks of age. It should be noted that they examined 5 animals per group but only 1 kidney from each animal. Our examination of both kidneys from each rat also revealed that differences in cell turnover between the kidneys of the same animal might exist (Figure 3 ). It has been postulated that a balance between cell proliferation and cell death may be of paramount importance in the process of carcinogenesis (10, 11, 19, 20) . Thus, it is of interest that the most dramatic difference in cell proliferation rates between the 2 kidneys was observed in the rat bearing a unilateral renal tubular cell tumor. The re-examination of all the slides confirmed that the tumor-affected kidney had LI and PI values much higher than the contralateral one and dramatically higher than those found in any of the other kidneys here examined. As Figure 3 shows, in the normal proximal tubules of the tumor-affected kidney, the LI and PI values were more than 15-fold and 3-fold greater than the values found in the contralateral kidney. The frequency of PCNA clusters was also dramatically higher in the affected kidney than in the contralateral one (50 vs 4.4/cm2) despite the fact that the severity of nephropathic changes was similar. Instead, no differences-in the frequencies of apoptotic cells were observed between the 2 kidneys ( Figure 3) 
